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SUMMARY

An investigation has been made to determine the ability of certain bacterial
species to utilize various compounds associated with human urine as their main
carbon and nitrogen source. The study was concerned primarily with growth and
respiration of bacteria where citric or lactic acid served as the sole source of
carbon and with the utilization of urinary urea in growing cultures.

The results show that of the four bacterial species tested for urease activity

only Proteus vulgaris gave a positive reaction. Furthermore, this organism was

able to convert from 94.72 to 98.46% of the urea of urine to ammonia and/or mi-

crobial protoplasm. The conversion of urinary urea by growing cultures of A.

aerogenes and Serratia indica was considerable less than that observed for P.

vulgaris.

The percent urea conversion for A. aerogenes and S. indica ranged from
7.79 to 37.10 and 16. 89 to 22. 01 respectively.

A great deal of variability was noted in the percent reduction in amount of
urea by growing cultures of A. aerogenes and S. indica in relation to duplicate
cultures within trials. This variability has been attributed to the variable charac-
teristics of the different batches of urine employed in the experiment.

The data indicated that at least one of the test organisms studied in relation
to urea utilization can be employed successfully in the biological conversion of
urinary urea.

A study of growing cultures of selected bacteria has revealed that citric and
lactic acids can supply the sole carbon-energy needs. The growth of organisms on
a substrate containing either citrate or lactate as the sole carbon-energy source
can be enhanced considerably when ammonium chloride serves as the nitrogen

source. Urea, however, was also observed to serve as an excellent source of



nitrogen in growing cultures when citrate or lactate supplied the sole source of
carbon-energy. The urea appeared to be somewhat inferior to ammonium chloride
in supporting growth of the test organisms.

The results have demonstrated clearly that the citric and lactic acids of hu-
man urine can serve as the sole source of carbon and energy for selected bacterial
species.

Respiration studies have been made with the various bacterial species here-
tofore mentioned in an effort to lend support to the growth studies already described
in relation to the oxidation of citric and lactic acid. |

The data indicated that citric acid cannot be oxidized by the test organism
employed. Since the organisms were able to grow on citric acid as the sole source
of carbon and energy, then this inability to oxidize the substrate has been attributed
to impermeability of the cell wall of the organisms toward citric acid.

Lactic acid was observed to be oxidized by all the organisms used. The en-
zymes concerned with lactic acid oxidation are adaptative in nature.

Serratia indica was observed to oxidize lactic acid extensively in most of the

manometric runs made; however, in some runs a short lag period was apparent.

The results of urea utilization, growth and respiration studies have clearly
indicated that the urea content of urine can be depleted, the citric and lactic acids
can be utilized as sole source of carbon and energy and that P. vulgaris and S.
indica may be considered for future and extended studies of space biology.

Further investigations have been made on the biochemical nature of algal
polysaccharides, carbonhydrate partition and availability of algae, utilization of
algal end-products by yeast, and the conversion of detergent ~-like compounds to
energy sources.

Algal polysaccharides (extracellular) were shown to contain various mono-

saccharides which can be utilized by man and other organisms. Glucose, galactose,
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xylose, arabinose, fucose, rhamnose, and glucuronic acid were the sugars found.
The compositional pattern of the polysaccharides varied with the species of algae.

With Palmellococcus, the extracellular polysaccharide contained twice as

much glucose as any of the other constitutive monosaccharides. The molar ratio
of glucose:arabinose:fucose:glucurone was shown to be 11:3:6: 1. Glucose being
the sugar in highest concentration is very important because of the readily avail-
able nature of this monosaccharide.

Studies on the biosynthesis of extracellular polysaccharides of green algae
have shown that when a labeled hexose is added to an algal suspension, the extra-
cellular polysaccharide is labeled much faster than when labeled bicarbonate is
used. Also, the production was shown to be maximum at the optimum growth
stage. The extracellular polysaccharide seems to be the same as the water-soluble,
intracellular polysaccharide and cellular polysaccharide.

The substitution of various carbon sources for CO2 produced variations in the
extracellular polysaccharides in amounts and types of monosaccharides present.
Glucose and lactate stimulated the formation of extra sugars detectable in the poly-
saccharides. The effects of other nitrogen sources besides KNOg on polysaccharide

production by Palmellococcus were: calcium nitrate the best, ammonium nitrate,

urea, sodium nitrate, and potassium nitrate in descending order. This effect was
not the same as dry weight responses where only calcium nitrate and urea were
above potassium nitrate.

Experimental results were obtained which demonstrated that Palmellococcus

can be cultivated on waste substrates and that the substrates are enriched to a
small extent with extracellular organics of algal origin.

Algal polysaccharides were shown to be oxidized to a degree by yeast. The
best responses were received with the hydrolyzed polysaccharides. Algal extracts

were shown to be readily oxidized by a yeast for energy. The growth response by




T. utilis to algal extracts was lower than the oxidative responses.

A carbohydrate analysis of Ch. vulgaris demonstrated that if energy is to
be supplied wholly by algal carbohydrate, a m‘ethod for cultivating large numbers
of cells in a small culture system is needed.

Results on the conversions of detergent-like compounds to carbohydrate
were very encouraging. Sodium lauryl sulfate and Tide were converted to a poly-
saccharide containing glucose, arabinose, ribose, and glucuronic acid. This

polysaccharide was readily oxidized by T. utilis in the unhydrolyzed form.



INTRODUCTION

This progress report covers tests designed to ascertian the utility of human
urine to support microbial growth intended for human consumption in outer spacé.;

Experiments have been designed to study the following occurrences; (a) the
utilization of urinary urea by four different species of bacteria, (b) respiration of
various bacterial species on individual components commonly associated with
urine and (c) growth of selected bacterial species on urine and individual com-
ponents found in urine when supplied as the sole source of energy and carbon.

ii‘he role of algae in closed ecological systems has been further studied"
since the last progress report, the aim still being to evaluate the role of the algal
cell in supplying energy from light and man's respiratory carbon dioxide to other
microbial systems making up the closed ecology.

The research on algal polysaccharides has been continued. ZData are pre-
sented in this report on: the carbohydrate composition of algal polysaccharides
studied, factors affecting the production of extracellular polysaccharide by a se-
lected species of algae, production of extracellular polysaccharides by a species
of algae on waste substrates, studies on the biosynthesis of algal polysaccharides,
and the response of a selected species of yeast to the extracellular polysaccharides
of the test alga.

A complete carbohydrate analysis of Chlorella vulgaris with energy calculations

is presented to express the form of potential algal energy supply and amount.

The feasibility of utilizing algal extract as carbon-energy sources for a se-
lected species of yeast has been investigated.

The utilization of detergents and the conversion of detergents to carbohydrate
material has been explored for possible use in a closed ecology designed for space

travel.



PART I

METHODS AND PROCEDURES

I. Urinary Urea:

The reduction in the urea content of urine cultures was measured by the
colorimetric procedure described by Ormsby, 1942. The analysis for urea was
made at various intervals of incubation. |

The urine used for the culture substrate was filter sterilized and inoculated
with a washed cell suspension of the test organisms. Incubﬁtion was at 25 or 320C.

The test organisms employed were: Aerobacter aerogenes, Proteus vulgaris

Pseudomonas aeruginosa and Serratia indica.

II. Growth of Selected Bacterial Species on Various Components Associated with
Urine.

The relative growth of bacteria was studied using media consisting of a basal
(Difco, Bacto Yeast Nitrogen Base for Carbon Assimilation Tests) medium supple-
mented with citric acid, lactic acid or urea and combinations of these. The sup-
plements were used at the 1% level of concentration. The pH of the medium was
adjusted to 6.8 to 7.2 and sterilized by autoclaving.

The inocula consisted of a washed cell suspension of a 24-hour culture of the
test organisms. Culture media were inoculated with 0. 5 ml of cell suspension ad-
justed to give a percent transmittance of 10 which corresponded to approximately
4 mg of cells on a dry weight basis. Cultures were incubated at 25 to 28°C.

The ability of the test organisms to initiate growth on citrate and acetate
with either urea or ammonium chloride as the sole cource of carbon and nitrogen,
respectively was measured in terms of an increasé in cell density corresponding to
a decrease in percent light transmittance of the culture.

The bacterial species used in the study were: Aerobacter aerogenes, Proteus




vulgaris, Pseudomonas aeruginosa, and Serratia indica.

III. Respiration Studies:

The oxidation of citrate and lactate by resting cells of Pseudomonas aerugi-

nosa and Serratia indica was measured manometrically by the method described by

Umbreit et al., 1957.

The Warburg flasks usually contained 1. 0ml of resting cell suspension of the
test organsims and 1.0 ml of M/15 phosphate buffer (pH 7.0). The substrate was
introduced from the side arm and unless otherwise stated consisted of 1 ml of
0.01 M solution. The center wll contained 0.2 ml of 10% NaOH and a filter-paper
wick. The flasks were incubated at 30° C and equilibrated 30 minutes before tip-
ping in the substrate. The manometer readings were made at 15 minute intervals
for a 2-hour incubation period.

The data are reported as the total microliters of 02 uptake.

The utilization of urinary citric acid by bacteria was measured in terms of
the percent reduction in the citric acid content of urine cultures as measured by
the method of Snell and Snell, 1953. In addition, the corresponding growth of each
of the organisms was determined at each citric acid measurement by the procedure
heretofore described.

RESULTS AND DISCUSSION

The data in Table 1 show that Proteus vulgaris was able to reduce the urea

content of urine by 26.09, 61.69, 88.68 and 96. 11% for incubation periods of 0-12,
12-24, 24-48, and 48-72 hours, respectively. Table 2 shows that the overall re-
duction in the urea content of cultures over all trials was 94.72 to 95.27%.

Of the four organisms employed in the experiment, only P. vulgaris was ob-
served to give a positive urease reaction.

Other organisms tested for their ability to convert urinary urea were unable

to reduce the urea content by more than 22. 92 to 37. 10%. These values were not



considered to be significant when compared with those obtained with P. vulgaris.

The results of tests designed to evaluate the utilization of urinary urea by
selected species of bacteria have clearly demonstrated that P. vulgaris is clearly
the organism of choice. The other organisms employed appeared to have limited
application for biological systems where urea will constitute the major source of
nitrogen. For this reason, A. aerogenes and S. indica have been eliminated with
respect to urea converison.

The data in Table 3 show that citric acid utilization (% reduction) and cor-
responding growth values (% transmittance), respectively amounted to: A. aero-
genes-68.4, 31.6; P. vulgaris-66.77, 32.5; P. aeruginosa-77.32, 22.5 and 8.
indica-80. 94, 19.0.

On synthetic media containing citrate as the sole source of carbon all the
test organisms were able to inititate rapid and excellent growth (Figure 1).

These data indicated that the test organisms can utilize citric acid as a sole
source of carbon and energy.

Table 4 shows that A. aerogenes and_S. indica were able to produce excel-
lent growth on a synthetic medium containing lactate and urea as sole source of
carbon and nitrogen.

The results of tests designed to determine the growth of bacteria on a syn-
thetic medium containing citrate and lactate as sole sources of carbon and energy
have demonstrated that these substances can be used for initiating growth.

Data were obtained demonstrating that S. indica cells grown on yeast extract
enriched nutrient broth were superior to those grown on urine enriched broth in
their ability to grow on a synthetic medium containing citrate or lactate as the sole
source of carbon and energy. This suggested that urine is deficient in essential
metabolic precursors and/or vitamins.

Respiration studies have demonstrated that resting cells of Ps. aeruginosa



and S. indica were not capable of oxidizing citrate. This occurrence has been
attributed to impermeability of the cell wall of the organisms to citrate . Lactate
was observed to be oxidized rapidly and extensively. The extent of citrate and
lactate oxidation, respectively in terms of 09 uptake was: Ps. aeruginosa-53,
108 and S. indica-40, 392.

The data in Table 5 show that when a combination of resting cells of Ps.
aeruginosa and S. indica were used a considerable amount of 02 uptake was ob-~
served by the cells on the citrate substrate. This suggested that there exists a
metabolic interrelationship between P, aeruginosa and 8. indica for citrate ox-
idation.

Other tests run in connection with the oxidation studies indicated that the
enzymes for lactate oxidation are adaptable in nature.

The respiration data indicated that S. indica would be the organism of choice
for the effiéient utilization of the lactic acid of human urine.

The results of the respiration studies have given us some insight into the
nature of citrate and lactate utilization by the organisms employed in the study in
relation to their potential usefulness on a urine substrate employed in biological

systems intended for outer spaces.
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Table 1. Reduction in urinary nitrogen by a growing culture of Proteus vulgaris.

TRIALS
I : II
Incubation Duplicate O.DX** Urea O.DX* Urea
hours cultures samples reading mg/ml  reading mg/ml
A 1 0.535 19.87 0.475 23.15
| 2 0.430 15.95  0.470 22.95
| 0
B 1 0.470 17.44 0.420 20.45
2 0.515 19.10 0.455 22, 22
| A 1 0.335 15. 24 wox
2 0.242 11.01
12
B 1 0. 300 13.65 *kk
2 0. 298 13.60
A 1 0. 188 5.26 0. 335 15. 24
24 2 0. 095 2.66 0. 300 13.65
B 1 0. 080 2.24 0.242 11.01
2 0. 060 1.71 0.298 13.60
. 045 2.34 0.188 5.70
48 . 030 1. 56 0.188 5.70
B 1 0.00- 0.00 0.080 2.43
2 0.00 0.00 0. 060 1.83
A 1 0.032 1.10 0. 045 1.18
72 2 0.00 0.00 0.035 0.92
B 1 KAk 3k

*** No analysis made
** Optical density
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Table 4. The growth of A. aerogenes and S. indica on a medium containing
lactic acid and urea as sole sources of carbon and nitrogen
SUBSTRATE
Mineral salts-Lactate- Mineral Salts-Glucose- Mineral Salts~-Lactate-
Ammonium Chloride Urea Urea
Turbidity
Incubation Aero. Serr. Aero Serr. Aero. Serr.
hours %T %T %T %T %T %T
0 96. 2 97.5 96.2 95.5 96.5 95.8
12 96.0 97.0 95.5 95.2 83.0 95.5
R-1 24 70.0 67.5 88.0 95.0 80.5 66.0
48 61.0 51.2 78.5 64.9 82.0 43.5
72 66. 5 57.8 79.0 64.0 83.5 55.0
0 66.0 56.0 97.0 97.5 54.5 54.5
12 55.5 50.2 83.0 74.6 41.5 54.0
24 35.0 40.0 61.5 56.0 37.0 54.0
R-II ‘ . _
48 23.0 13.0 53.0 36.0 11.0 *k
72 10.0 10.0 42.3 27.0 10.0 **

Aero. = Aerobacter aerogenes: Serr. = Serratia indica
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PART 11

1. Monosaccharide components of extracellular polysaccharides of seven species
of algae.

The quantitative production of extracellular polysaccharides by selected spe-
cies of algae has been reported in NASA Progress Report No. V. This study was
to determine the constitutive monosaccharides in the polysaccharides.

METHODS ANb PROCEDURES

Polysaccharides were hydrolyzed by the method of Lewin, 1956. Chrom-

atographic procedures were taken from Block et al., 1958 and Glick, 1954.
RESULTS AND DISCUSSION

The monosaccharides in the polysaccharide hydrolysates are given in Table
1. The results show that various hexoses, pentoses, methyl-pentoses, and a
uronic acid are present in theé,gpolysaccharides. Glucose was present in most of
the polysaccharides and this is important from the viewpoint of energy-supply.

2. Biochemical characteristics and mechanisms of the extracellular polysac-

charide of Palmellococcus.

The polysaccharide produced by Palmellococcus was selected for further

study because of its production figures (NASA Report No. V).
a. Molar ratio of the constitutive monosaccharides of the extracellular
polysaccharide-
To determine the amount of the various monosaccharides in the
in the polymer, a molar. ratio of the sugars was determined.
METHODS AND PROCEDURES
Hydrolysis was performed as in section 1. Chromatographic separation and
elution were carried out according to Hough (1952) and Hawthorne (1947). Reduc-

ing sugar measurements were made by the Somogyi method (Nelson, 1944).
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RESULTS AND DISCUSSION

The extracellular polysaccharide of Palmellococcus exhibited a molar ra-

tio of glucose:arabinose: fucose:glucurone as 11:3:6:1. Thus, the microorganism
can furnish 3 sugars in high proportions which are usable by other organisms.
b. Studies on the biosynthesis of the extracellular polysaccharide of

Palmellococcus.

No synthetic pathway for algal polysaccharides of extracellular
nature has been described. It was the object of these experiments to
furnish data which would give preliminary conclusions concerning the
probable route of extracellular polysaccharide synthesis by green algae.

METHODS AND PROCEDURES

Palmellococcus cells were exposed to radioactive carbon sources in an il-

luminated chamber for varying time periods. Polysaccharide fractions (extra-
cellular, cellular, and intracellular) were extracted with absolute ethanol.
Hydrolysis procedures were the same as described in section 1. Radioactivity
measurements were made with a thin-window Geiger tube. Corrections were
made for backgroud only to determine the relative uptakes.

Cells were exposed to NaHC1403 to determine the time required to label
the extracellular polysaccharide. Grown cells and growing cells were exposed to
NaHCl4O3 and glucose —014 (ul) to determine the amount and rate of polysac-
charide uptake. Long-time exposure to Na HC]‘403, glucose-C14 (ul), and for-
mate-C14 was tested for concentration of the radioactivity in the polysaccharides.

RESULTS AND DISCUSSION

It was found that CM was incorporated into the extracellular polysaccharide

between 80 minutes and 24 hours. With grown cells and 12 hours exposure, the

results show that glucose is incorporated into the polysaccharides very fast while
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bicarbonate~C14 is very slow. In 24 hours with grown cells, there was little dif-
ference. Growing cells gave essentially the same results but a high uptake was
not achieved. In long-time exposure, the C14 was concentrated in the polysac-
charides only with glucose -C 14,

The extracellular, cellular, and intracellular polysaccharides were shown
to be the same in composition. From the rapid incorporation of glucose-C14 into
the polysaccharides, it is evident that this hexose may play an important role in
the synthesis of algal polysaccharides.

c. Extracellular polysaccharide production by Palmellococcus with vari-

ous carbon precursors and nitrogen sources.

Palmellococcus was grown on various carbon and nitrogen sources

to determine qualitative and quantitative effects upon the extracellular
polysaccharidé.
METHODS AND PROCEDURES
Algal cell dry weights were determined by difference at 90°C. Extracel-
lular polysaccharide in culture filtrates was determined by the anthrone method
of Matton et al., 1955. Chromatographic analysis was followed as in section 1.
RESULTS AND DISCUSSION
Glucose and lactate polysaccharides exhibited extra sugars over the 4 found
in the CO9 polysaccharide. These were 2-deoxyribose, xylose, and an unknown
sugar. Acetate, pyruvate andglyceraldehyde polysaccharides were absent one sugar,
glucurone. Formate andbicarbonate polysaccharides gave the same sugars as the COy
polysaccharide. Only glucosegave more polysaccharide inthe culture filtrate than
CO2. The others were very much lower. Dry weight followed the same trend.
The nitrogen sources tested (CaNOg, KNOg, NH4NO3, urea, creatinine and
NaNOg) gave results which showed that CaNO3, NH4NOy4, urea, and NaNOg are

better suited nitrogen sources for polysaccharide production than the standard
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nitrogen source, KNOg. Dry weight measurements showed that only CaNOg and

urea were better nitrogen sources than KNOg_

3. Growth and Polysaccharide Production by Palmellococcus Grown on Waste

Substrates.

These experiments were to determine if algal cells éould feasibly be grown
on awaste substrate and at the same time enrich the substrate with cellular or-
ganics.

METHODS AND PROCEDURES

Dry weights and extracellular polysaccharide in culture filtrates were de-
termined as in previous sections. The waste substrate: was an electrolyzed sol-
ution of 15 parts of urine to one part of feces.

RESULTS AND DISCUSSION

Growth on the waste substrates was very good (1. 2 gram-cell/liter). Extra-
cellular polysaccharide production was very low even when the medium was sup-
plemented with nitrogen. Total carbohydrate data showed that the substrates
could be enriched with cellular organics to a great extent by algae.

4. Closed Ecology Energy Supply Studies

It has been found in the course of research on this project that the one lim-
iting factor in producing a microbial food from waste is energy. The following
experimental results exhibit forms, ways, and mechanisms of converting waste
materials to potential energy supply systems for a closed ecology for long-space
flights.

a. Carbohydrate analysis of Chlorella vulgaris with energy calculations..

These analyses were made to determine as exactly as possible the
amount and type of carbohydrate compounds produced by a typical species of

green algae.
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METHODS AND PROCEDURES

Ch. vulgaris cells were separated into various cafbohydrate fractions.
Polymers were hydrolyzed as described in section 1. Reducing sugars were de-
termined by the Somogyi method (Nelson, 1944) using 8lucose as the standard.
Energy values were calculated using the caloric value of glucose.

RESULTS AND DISCUSSION

The results are displayed in Table 2. The results show that most of the

carbohydrate and energy is bound up in non-extractable polysaccharides.
b. Utilization ofalgal polysapcharides (extracellular) as energy sources for
These studies were performed to determine to what extent an organism
such as _'1_‘91‘1_12. utilis can utilize the algal polysaccharides for energy.
METHODS AND PROCEDURES

Twenty mg guantities of the algal polysaccharides (seven algae reported in
NASA Report No. "V) werev hydrolyzed, neutralized, and tested for exygen uptake
by T. utilis. Unhydrolyzed polysaccharides were also tested for oxygen uptake.
Standard manometric techniques from Umbreit et al., (1957) were followed.

RESULTS AND DISCUSSION

Hydrolyzed algal polysaccharides gave responses which varied with the spe-
ies of algae. Palmellococcus and Chlamvdomonas gave responses of 318 and 358
J1-09 uptake in 120 minutes. The other polysaccharides gave responses some-
what lower. Chlorella sp. and Ch. vulgarig gave very low responses, 69 and 35
J1-09 uptake in 120 minutes respectively.

Unhydrolyzed polysaccharides gave responses which on the average were

one-~fourth the response gained on the depolymerized polysaccharides.
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c. Conversion of detergent-like compounds to carbohydrate material.

An organism has been isolated in this lab which converts the sulfonated
higher alcohols to a water-soluble, extracellular polysaccharide containing
glucose, arabinose, ribose and glucuronic acid. Since a source of the deter-
gent compounds would be available in the waste of a spaceship, this is still an-
other method of regenerating microbial energy.

METHODS AND PROCEDURES

The polysaccharide material was isolated from the growth media by alco-
holic precipitation. Reducing sugar measurements were made by the Somogyi
method (Nelson, 1944) on polysaccharide hydrolysates. Substrates tested for poly-
saccharide production were a mineral medium supplemented with various concen-
trations of Tide and sodium lauryl sulfate and nutrient broth supplemented with
Tide and sodium lauryl sulfate. Polysaccharide from nutrient broth + 1% Tide was
isolated and tested for the oxidative response of T. utilis using standard respiro-
metric techniques.

RESULTS AND DISCUSSION

The results of polysaccharide production in terms of free reducing sugars
in various substratesare given in Table 3. It can readily be observed that the con-
version to carbohydrate is influenced by whether or not a protein source is pre-
sent. The data also suggest that the polysaccharide is produced in sufficient quan-
tities to require further investigation. The response of T. utilis to the polymer
was 1080 nu1-09 uptake in 90 minutes. Endogenous 02 uptake was 20 1 1-05/90
minutes. Oxygen uptake on a sugar solution containing 800 ug of glucose was 90
31-02/90 minutes. This indicates that the polysaccharides can readily be oxi-
dized by the yeast culture for energy.

d. Algal extracts as carbon-energy sources for Torula utilis.

The objectives of this research were to obtain a method for preparing algal
extracts, to test the algal extracts of carbohydrates, to test the growth
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response of a selected species of yeast on the algal extract, and to determine

3

the oxidation of algal extracts by a species of yeast.

METHODS AND PROCEDURES

Algal extracts were prepared by exposing the algal cells to sonic vibrations
in a 10KC Raytheon sonic oscillator. Dry weights, packed cell volumes, anthrone
carbohydrate, chromatographic analyses, and oxygen uptake were determined by
standard techniques.

RESULTS AND DISCUSSION

Packed cell volumes, soluble carbohydrate, and dry weight determinations
showed that sonification was a quick and efficient method of disrupting algal cells.
The extent of solubilization of the algae varys with the cell concentration as ex-
pected. With cell solutions of less than 3mg/ml, over 90% reduction in dry weight.
can be achieved in 15 minutes exposure.

Sonification of Palmellococcus releases two types of carbohydrates; (1) free

sugars as glucose, arabinose and fucose, and (2) bound sugars composed of glu-
cose, mannose, arabinose, ribose, fucose and glucurone.

The use of the extract of Palmellococcus cells as a growth medium for T.

utilis gave very encouraging results. The population of yeast cells increased by
a factor of 40(1. 9 x 10°/ml to 8.0 x 106/ml) in 24 hours. The control flask with
no carbon and whole algal cells did not change to any extent over the initial inoculum.

The oxidation of the algal extracts gave results which are an indication of
T. utilis's ability to use the algal extracts as energy sources.

Oxygen uptake vs. time of soneration (Figurel) shows that the maximum -~
response is gained when the algae ar'e sonerated for 45 minutes. This difference
is not large, howevey and would be impractical for technical application.

Supplementing the algal extracts with glucose and peptone increased the

oxidative response of the yeast but not to a large extent (Figure 2). With protein
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and chlorophyll removed by lead acetate and barium oxalate, a response was
gained which was better than the algal extract with and without supplementation.
This medium was also perfectly clear after the protein and chlorophyll removal.

From these results, the role of algae would seem to be more of energy sup-

ply than as a source of carbon in a closed ecology.
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Table 1. Monosaccharides in algal extracellular polysaccharide hydrolysates
Spot on
Algal Species Chromatogram Phenol Rf* Butanol Rf* Monosaccharide .
Palmellococcus sp. 1 0. 3395 0. 1946 Glucose
2 0.4383 0.2373 Arabinose
3 0.5638 0. 3027 Fucose
4 0.7043 0. 3520 Glucurone
Chlorella sp. 1 0.3534 0. 2427 Glucose
2 0.4942 0.2880 Xylose
3 0.6014 0. 3747 Rhamnose
4 (trace) 0.7195 0. 2854 Glucurone
Chlorella 1 0.3138 0. 2067 Glucose
ellipsoidea
SRRt 2 0.4512 0. 2467 Arabinose
3 0.5925 0.3333 Fucose
4 (trace) 0.7848 0.3579 Glucurone
Anabena sp. 1 0. 3390 0. 1986 Glucose
2 0.4638 0. 2480 Arabinose
3 0.5678 0. 3280 Fucose
4 0.6860 0. 3107 Glucurone
Chlorella 1 0. 3160 0. 1958 Glucose
vulgaris 2 0.4480 0.2785 Xylose
3 0.5900 0.4238 Rhamnose
Chlamydomonas sp. 1 0. 3222 0.2334 Glucose
2 0.4490 0.2938 Xylose
3 0.5647 0.3720 Fucose
Oocystis 1 0. 3850 0.2347 Galactose
2 0.4971 0. 2906 Arabinose
3 0. 5808 0. 3333 Fucose
4 (trace) 0.6959 0. 3146 Glucurone

*RF's are averages of triplicate chromatograms. NOTE: Glucurone, the lactone
of glucuronic acid, was found in most of the hydrolysates. Lactone formation
takes place in acid solutions and this is the explanation of why the lactone instead
of the uronic acid was obtained.



Table 2. Carbohydrate analysis of Chlorella vulgaris
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Total Carbohydrate as

Sample Glucose per Energy

1456 mg algae Cell Weight

mg ' % Kecal

FRS in Medium 0.00 0.00 @ e
FRS in Extracellular
Polysaccharide Hydrolysate 10. 02 0.688 0.03747
FRS in Alcoholic
Extract of Cells 0.699 0.05 0.0026
FRS in Sonic Extract
of Cells 3.699 0. 25 0.0138
FRS in Intracellular Poly-
saccharide Hydrolysate 14.732 1.01 0.0551
FRS in Hydrolysate
of Residual Cells 93.110 6.39 0. 3482
Total FRS = 4. 398 mg 0. 302
Total Bound Sugars as FRS = 117. 862 8.095
Total Carbohydrate as Glucose = 122, 260 8. 397

Total Carbohydrate energy: 0.457 Kcal/1456 mg = 0. 315 Kecal/gram

FRS = Free Reducing Sugar
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Table 3. Quantitative polysaccharide production in a mineral medium and nutri-
ent broth supplemented with sodium lauryl sulfate and Tide

Medium % Tide % Sodium Polysaccharide
Lauryl in substrate as
Sulfate glucose
% % jg/ml
Nutrient Broth 0 11.24
Nutrient Broth 1.0 36. 00
Nutrient Broth 2.0 179. 35
Nutrient Broth 1.0 111.89
Mineral Medium 1.0 7.90
Mineral Medium 1.5 11. 20
Mineral Medium 2.0 11.95
Mineral Medium 1.0 10. 65
Mineral Medium 1.5 12.65
Mineral Medium 2.0 3.16
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FUTURE RESEARCH

Research efforts planned for futuré investigation are to be concentrated on
the supply of energy to the closed ecqlogical system.

Algal carbohydrates as a source of energy will be further investigated. The
pathways of biosynthesis of energy-rich compounds of algal origin will be eluci-
dated.

The conversion of detergent-like compounds to carbohydrate will be further
investigated.

Other feasible methods of supplying microbial energy to a closed ecological

system will be investigated.



29

REFERENCES

Block, R. J., E. L. Durrun, and 0. Zureiz. 1958. A Manual of Paper Chrom-

atography and Paper Electrophoresis. 2nd Ed., Academic Press, Inc.,

New York.
Difco, Manual. 1953. Difco Laboratories. 9th Ed., Detroit.

Glick, D. 1955. Methods of Biochemical Analysis. Vol. IIl. Interscience Pub-

lishers, Inc. New York.

Hawthorne, J. R. 1947. Micro-Estimationof Sugars Separated on the Filter
Paper Chromatogram. Nature, 160, 714.

Lewin, R. A. 1956. Extracellular Polysaccharides of Green Algae. Can. J.
Microbiol. 2, 665-672.

Matton, J. R., C. E. Holmlund, S. A. Scherpartz, J. J. Vavsa, and J. J.
Johnson. 1955. Bacterial Levans of Intermediate Molecular Weight.
Appl. Microbiol., 3, 321-333.

Nelson, N. 1944. A Photometric Adaption of the Somogyi Method for Determina-
tion of Glucose. J. Biol. Chem. 153, 375-380.

Ormsby, A. A. 1942. A Direct Colorimetric Method for the Determination of
Urea in Blood and Urine. J. Biol. Chem. 146, 5955-5604.

Snell, F. D, and C. T. Snell. 1953. Colorimetric Methods of Analysis. 3rd Ed.,

Vol. 3, p. 396. D. Van Nostrand Co., Inc. New York.

Umbreit, W. W., R. H. Burris, and J. G. Stauffer. 1959. Manometric Tech-~

niques, 3rd Ed., Burgess, Minneapolis.



